The accurate organisation of the developing cells and organs of an embryo within the three dimensions of space and one of time is a mystifying and fascinating process. The instructions for such a construct, together with the templates for the building blocks, must all be inherited and 'written' within the embryo's genome. Not unexpectedly, the genes concerned with such complicated instructions can occasionally be faulty and lead to disease. Recent advances in molecular biology have to some extent demystified this process and some of the genes responsible for these instructions have been identified. A detailed review of the rapid advances in the molecular biology of one such developmental ocular entity, Norrie's disease, appears in this issue.' Advances in developmental biology owe much to the fruit fly (Drosophila melanogaster) and its experimenters, and the
details and accompanying terminology of the science can no longer be ignored by the ophthalmologist. In 1984, two teams independently described a DNA sequence common to the genes of Drosophila that were responsible for 'homeotic' mutations (mutations leading to transformations of one body-part into another)Y The DNA sequence shared by these home otic genes became known as the 'homeobox' which codes for a 'homeodomain' of 61 amino acids. Interestingly, the homeobox is highly conserved throughout the animal kingdom. 4 In man and other mammals such genes, known as HOX genes, are arranged in four clusters on separate chromosomes and are expressed in a region-specific fashion along the axis of the embryo, colinear with their arrangement on the genome. The homeodomain peptide binds the DNA of other genes, regulating their transcription and thus orchestrating cell differentiation.
Like the homeobox genes, 'paired box' or PAX genes are also members of a family of developmental control genes which encode transcription factors. Their shared nucleotide motif or 'paired box' consists of 384 nucleotides encoding 128 amino acids, so named following its identification in the paired gene (psd) of Drosophila.s To date, nine PAX genes have been identified in man and mouse. The primary expression of the Pax genes in the mouse is in the embryo, including the developing central nervous system,6 Pax6 being strongly expressed in the developing eye.7 Mutations in human PAX6 have been shown to cause aniridia,S which is analogous to the 'small eye' mouse (Sey) due to a mutation of mouse Pax6. A child with Peter's anomaly shown to be deleted for one copy of PAX6' suggests that this gene may be responsible for a ran � e of anterior segment abnormalities. PAX3 mutations have been identified in patients with 'Waardenburg syndrome','
.11 a dominantly inherited trait involving deafness and pigmentation abnormalities including heterochromia iridis.
As well as HOX and PAX genes it appears that genes encoding growth factors, retinoic acid receptors and other DNA binding proteins also play a major role in mammalian eye development. 7 As B lack and Redmond' discuss in this issue, part of the Norrie's disease protein shows homology to certain growth factors, although the way in which such proteins interact remains to be elucidated.
The list of ophthalmic disorders awaiting the assignment of causative developmental gene defects must include ocular coloboma, familial cataract, microphthalmia and other anterior segment dysgenesis syndromes. Although primary 'cure' of these conditions may not be possible, the elucidation of the genetic and pathogenetic mechanisms that underlie them might allow a more rational approach to therapy, as well as a more logical classification and a better understanding of their aetiology. A. R. WEBSTER AND A. T. MOORE
